BACKGROUND: Although recent studies have shown that distractive auditory stimuli (DAS) in the form of music increase adherence to exercise in subjects with COPD, the effect of DAS on dyspnea induced by low-intensity, constant-load exercise in elderly patients with COPD has not been elucidated. Therefore, the purpose of this study was to investigate the effect of DAS on the perception of dyspnea induced by low-intensity, constant-load exercise in elderly subjects with COPD. METHODS: We enrolled 16 male out-patients with COPD. Subjects completed cycling exercises with and without DAS at 40% maximum oxygen consumption. They were asked to rate their perception of dyspnea using the modified Borg scale every 3 min during exercise and every 1 min during the recovery period. RESULTS: Dyspnea perception during low-intensity exercise showed a significant correlation between the exercise condition (DAS and control) and exercise duration (P ‫؍‬ .04). Exercise-induced dyspnea perception under the DAS condition was significantly lower than that under the control condition from 18 min after the start of exercise to 3 min after the end of exercise (18, 20, 21, 22, and 23 min, P ‫؍‬ .01, P < .001, P ‫؍‬ .009, P ‫؍‬ .006, and P ‫؍‬ .006, respectively). However, oxygen consumption and ventilation in response to low-intensity exercise did not significantly differ in the DAS and control conditions (P ‫؍‬ .39 and .14, respectively) CONCLUSIONS: Our results suggest that DAS is a non-pharmacologic therapy that can be used to reduce the dyspneic sensation in elderly patients with COPD.
Introduction
Dyspnea, which is often defined as an uncomfortable awareness of difficulty in breathing, is not only a subjective sensation but also a serious respiratory symptom in patients with COPD. In particular, during COPD exacerbations, patients experience an excessive perception of dyspnea beyond normal day-to-day variations. This excessive perception of dyspnea during COPD exacerbations generally leads to a limitation of weight-bearing daily activities requiring the recruitment of many motor units. 1 We previously found that the perception of dyspnea induced by breath-holding has an inhibitory effect on the muscular strength of stable subjects with COPD. 1 Therefore, reduction of unpleasant respiratory sensations can play a crucial role in preventing physical inactivity in patients with COPD.
It has been reported that distractive auditory stimuli (DAS) in the form of music can decrease the perception of dyspnea induced by exercise in subjects with COPD. 2 In addition, DAS has increased adherence to exercise in subjects with COPD. 3 Thus, to maintain a suitable degree of physical activity, DAS during physical exercise seem to be a useful tool in stable patients with COPD. However, the mechanism of the inhibitory effect of DAS on dyspnea induced by exercise has not been fully elucidated.
A cycle ergometer is one of the most common tools used in exercise testing and intervention in patients with COPD. 4 Previous studies that investigated the inhibitory effect of DAS on dyspnea induced by exercise used treadmills and field-walking tests. 2, 3 However, it is recognized that cycle ergometer exercise can more accurately maintain the intensity of exercise load compared with either treadmill exercise or field walking. 4, 5 In addition, it has been reported that there is a difference in the perception of dyspnea experienced by subjects using treadmills versus cycle ergometers. 6 However, the effect of DAS on the perception of dyspnea induced by cycle ergometer exercise in patients with COPD has not been clarified.
The perception of dyspnea induced by low-intensity exercise occurs often during many activities of daily living in patients with COPD. 7 Yamashita et al 8 investigated the effect of listening to music on dyspnea perception during exercise at 40% and 60% maximum oxygen consumption (V O 2 ) in healthy adult males. They found that music decreased the dyspneic sensation during exercise at 40% maximum V O 2 , but not at 60% maximum V O 2 . Thus, although use of DAS to counter dyspnea induced by lowintensity exercise in patients with COPD can play a crucial role in preventing physical inactivity, its effect on dyspnea induced by low-intensity, constant-load exercise in patients with COPD remains unclear.
Dyspnea is the result of sensory activation of subcortical and cortical neural pathways. Some of these pathways are shared across respiratory modalities, whereas activation of some neural areas is modality-specific. 9 Many brain imaging studies of dyspnea have been conducted using different techniques to induce dyspnea. Despite the use of different intervention techniques, a common predominant neural activity has been found in the insula, operculum, and frontal cortex areas; anterior and posterior cingulated cortices; cerebellum; thalamus; and amygdala. 9, 10 However, a common predominant activity during auditory stimuli has been found in the primary and secondary auditory cortices and insular cortex. 11 Because the cortical processing involved in auditory stimuli is partly consistent with that in dyspnea perception, 9-11 the respiratory peripheral neural afferents of dyspnea perception, activated by exercise, may interact with the neural circuit responsible for processing dyspnea.
It is recognized that when 2 nerve impulses occur on a common neural substrate, the net resulting intensity of the response will be lower than that expected from the summation of the responses of the 2 separate stimuli. This physiological phenomenon has been termed neural occlusion. 12 Because the central processing area for dyspnea perception and auditory stimuli is partly shared, 9-11 the perception of dyspnea induced by exercise could be interfered with by auditory stimuli in elderly patients with COPD. Thus, low-intensity exercise-induced dyspnea perception can be modified by DAS in patients with COPD.
In addition, because previous studies showed that with an increase in age, subjects become less sensitive to dyspnea and auditory stimuli, 13,14 the inhibitory effect of DAS on dyspnea could be modified by age. However, there are no data on the effect of DAS on dyspnea in elderly patients with COPD. Therefore, our aim was to investigate the effect of DAS on dyspnea induced by low-intensity, constant-load exercise in elderly subjects with COPD.
Methods

Subjects
The subjects were 16 male out-patients with COPD who were referred to the pulmonary rehabilitation programs at Kirigaoka-Tsuda Hospital, the Nagasaki Pulmonary Rehabilitation Clinic, and Tagami Hospital in Nagasaki, Japan. They were eligible to participate if they were under the care of a respiratory physician and were ambulant and clinically stable, with no changes in medication for at least 4 weeks before recruitment.
A diagnosis of COPD was made according to published guidelines. 15 Exclusion criteria were orthopedic or neuro-
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Current knowledge
Dyspnea is a subjective sensation and a serious respiratory symptom in patients with COPD. This excessive perception of dyspnea during COPD exacerbation leads to limitation of weight-bearing daily activities. Distractive auditory stimuli (DAS) in the form of music have been shown to decrease the perception of dyspnea induced by exercise in patients with COPD.
What this paper contributes to our knowledge
The results indicate that DAS reduces the perception of dyspnea induced by low-intensity, constant-load exercise in elderly subjects with COPD. DAS is a nonpharmacologic therapy that can be used to reduce the dyspneic sensation in COPD following exercise. The impact during a COPD exacerbation remains to be determined.
logical disorders limiting exercise performance, unstable cardiac disease, supplemental oxygen therapy, arterial hypercapnia (P aCO 2 Ͼ 45 mm Hg), and severe hearing impairment. All subjects provided informed written consent before data collection, and the study was approved by the institutional review board of the Nagasaki University Graduate School of Biomedical Sciences.
Experimental Protocol
The subjects were in the laboratory for 3 d within a 2-week period; experimental sessions were separated by a 24-h interval. All subjects were entered into a randomized crossover study to compare non-DAS and DAS conditions (Fig. 1) . The subjects were given a short training period to accustom them to the apparatus and the use of the modified Borg scale.
DAS
The type of music selected by individual subjects included folk songs, old songs, and popular music. The volume of music was individually adjusted by the subjects before the test. The tempo of music selected was moderate to fast. Under the DAS condition, the subjects exercised on a cycle ergometer while listening to music via earphones on a portable MP3 player. Under the control condition, subjects wore earphones, but no music was played.
Exercise Testing
All sessions took place in a quiet laboratory. On the first day of testing, subjects performed a standardized incremental exercise test using an electromagnetically braked cycle ergometer (232CXL, Combi, Tokyo, Japan) according to the American Thoracic Society/American College of Chest Physicians guidelines. 4 During exercise testing, V O 2 , carbon dioxide production, minute ventilation (V E ), and breathing frequency were measured by the breath-bybreath method using AT1000 3.0 (Anima, Tokyo, Japan). The mean value of oxygen gas and V E during 1 min was used for analysis. The incremental exercise test consisted of 3 min of rest and 3 min of unloaded pedaling at 60 rpm, followed by a progressive increase in work load of 10 W/min until exhaustion.
On the second and third days, subjects performed experimental constant-load cycling at 40% maximum V O 2 with and without DAS, respectively. The experimental protocol consisted of a 5-min seated rest period, followed by a 20-min cycling exercise and a 5-min recovery period. The subject rated the sensation of dyspnea using the modified Borg scale every 3 min during exercise and every 1 min during the recovery period, selecting a number from a scale of 0 (no dyspnea) to 10 (maximum dyspnea). At the beginning of the measurement, we asked each subject to rate the sensation of kokyu-konnan (discomfort of breathing). This term is an exact Japanese translation of dyspnea: kokyu means breathing or respiration, and konnan means discomfort or difficulty. Kokyu-konnan was not defined any further, but the subjects were instructed to avoid rating non-respiratory sensations, such as headache or pharynx irritation. 16 
Statistical Analysis
Data are presented as mean Ϯ SD. Under both the DAS and control conditions, the modified Borg scale and expired gas analysis data during constant-load cycling were analyzed using 2-way analysis of variance with repeated measures. The 2 factors were experimental conditions (DAS and control) and exercise duration (0, 3, 6, 9, 12, 15, 18, 20, 21, 22, 23, 24, and 25 min). In addition, the differences in the modified Borg scale at equivalent exercise times (ie, isotime for each subject) between the DAS and control conditions were analyzed using a paired t test. All analyses were calculated with SPSS 15.0 (SPSS, Chicago, Illinois). P Ͻ .05 was considered significant.
Results
All 16 subjects completed the experiments without any difficulty or side effects. Subject characteristics are summarized in Table 1. Table 2 shows the exercise capacity characteristics. Figure 2 shows the time courses of exercise-induced dyspnea under both the DAS and control conditions. Dyspnea perception during low-intensity exercise showed a significant correlation between exercise condition (DAS and control) and exercise duration (P ϭ .04). As shown in Figure 2 , exercise-induced dyspnea percep- tion under the DAS condition was significantly lower than that under the control condition from 18 min after the start of exercise to 3 min after the end of exercise (P ϭ .01, P Ͻ .001, P ϭ .009, P ϭ .006, and P ϭ .006, respectively). However, as shown in Figures 3 and 4 , V O 2 and V E in response to low-intensity exercise did not significantly differ between the DAS and control conditions (P ϭ .39 and .14, respectively).
Discussion
In this study, we found that DAS lessened the perception of dyspnea induced by low-intensity, constant-load exercise on a cycle ergometer in elderly subjects with COPD. In addition to this phenomenon, the effect of DAS on dyspnea increased with increasing exercise duration.
However, V O 2 and V E did not significantly differ between the DAS and control conditions.
There have been several studies on the effect of music on exercise-induced dyspnea. 2, 3, 17, 18 Our observations in this study are consistent with those in previous studies that investigated the effect of DAS on dyspneic sensation induced by exercise. 2, 17 Thornby et al 17 showed that DAS attenuated treadmill exercise-induced dyspnea. von Leupoldt et al 2 reported that DAS decreased dyspnea during a 6-min walk test in subjects with COPD. These studies clearly show the role of DAS in the perception of dyspnea induced by walking. 2, 17 However, due to a lack of data on consecutive measurements of perception of dyspnea induced by exercise, 2,17 the effect of DAS on the time-dependent changes in dyspnea in response to exercise load in subjects with COPD has not been elucidated. In this study, we showed that the effect of DAS on dyspnea increased with increasing exercise duration. This phenomenon has not been reported in other studies on the effect of DAS on dyspnea in subjects with COPD. 2, 3, 17, 18 This novel finding suggests that DAS may enable patients with COPD to exercise for longer time periods. Cycle ergometer exercise can more accurately maintain the intensity of exercise load than either treadmill exercise or field walking. 4 In this study, the intensity of exercise used was lower than that in previous studies investigating the effect of DAS on exercise-induced dyspnea. 2, 17 Because the perception of dyspnea induced by low-intensity exercise often occurs in many activities of daily living in patients with COPD, 7 the results of our study may contribute to the usefulness of DAS to lessen dyspnea perception during low-intensity, daily physical exercise in patients with COPD.
The subjects in this study were elderly patients with COPD, in contrast to previous studies that used younger subjects to investigate the effect of DAS on exercise-induced dyspnea. 2, 17 Because previous studies showed that subjects become less sensitive to dyspnea and auditory stimuli with increased age, 13,14 the inhibitory effect of DAS on dyspnea can be modified by age. However, in this study, we demonstrated that the perception of dyspnea induced by constant-load exercise was clearly reduced by DAS in elderly subjects with COPD, which agreed with findings of previous studies. 2, 17 Therefore, our data suggest that the perception of dyspnea induced by exercise can be reduced by DAS in elderly patients with COPD.
When 2 or more nerve impulses occur on a common neural substrate, the net resulting intensity of response will be lower than that expected from summation of the responses to the 2 stimuli acting separately. This physiological phenomenon has been termed neural occlusion. 12 Because the central processing area for dyspnea perception and auditory stimuli is partly shared, the perception of dyspnea induced by exercise can be interfered with by auditory stimuli in elderly patients with COPD.
In this study, dyspnea was induced by 20 min of lowintensity, constant-load exercise. The most serious limitation of this study is the lack of data to compare lowintensity and high-intensity exercise. This prevented us from investigating whether the effect of DAS on dyspnea induced by exercise depends on exercise intensity in elderly patients with COPD. However, it is very difficult to clinically determine this point, especially in elderly patients.
Conclusions
In summary, the results of this study showed that DAS reduced the perception of dyspnea induced by low-intensity, constant-load exercise in elderly subjects with COPD. Our results suggest that DAS is a non-pharmacologic therapy that can be used to reduce dyspneic sensation in elderly patients with COPD. Fig. 4 . Time courses of oxygen consumption in response to lowintensity exercise under both the distractive auditory stimuli (DAS) and control conditions. Data are shown as mean Ϯ SD.
